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(57) ABSTRACT 

The system, object of the invention consists of a unit for 
scanning a mould produced from the sample from a patient's 
mouth, an image which is sent to digital generation equip 
ment of a removable dental prosthesis, producing a file that is 
transmitted to metal piece manufacturing equipment by 
means of sintered powder applying a high-energy ray. The 
design stages consist of the relief of the mould, the calculation 
of the insertion axis, the paralleling of the teeth, designing of 
the elements or components of the prosthesis Such as lattice, 
clamp, stop, major connector, minor connector, bristle, 
pearls, lingual bars, extrusion of the different elements 
designed, Smoothing of the sharp edges, elimination of the 
Superpositions of the different elements designed and conver 
sion of a closed continuous connected Surface to a three 
dimensional one. 
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METHOD FOR MANUFACTURING 
DIGITALLY DESIGNED REMOVABLE 
DENTAL PROSTHESES AND SYSTEM 
REQUIRED FOR THIS PURPOSE 

OBJECT OF THE INVENTION 

0001. Objects of this invention are both the manufacturing 
process of digitally designed removable dental prostheses and 
the means necessary to perform said process, that is to say is 
it makes reference to both the technical characteristics used in 
the design stages for the digital generation of removable 
dental prostheses and all the material means used to manu 
facture or produce removable dental prostheses. 
0002 This invention is characterized in that it uses equip 
ment to manufacture pieces by means of a Successive appli 
cation of metal powder layers, which are then bonded 
together, by means of the accurate application of a laserbeam, 
from the information contained in an electronic file which has 
the final configuration of the prosthesis one wants to produce, 
which allows the automatic manufacturing of removable den 
tal prostheses from computer-generated design. 
0003. This system is composed of equipment to scan the 
mould produced after the impression made of the patient’s 
mouth, computerized means which are used to make the 
design of the removable prosthesis virtually, in Such way that 
a file is produced containing the information of the final 
desired configuration of the prosthesis. This file is transmitted 
to manufacturing equipment). 
0004. Therefore, this invention is included within the area 
of systems and means used to manufacture dental pieces 
using manufacturing equipment by means of sintered powder 
compacted by the application of a laser beam. 

BACKGROUND OF THE INVENTION 

0005 To date, the automatic manufacturing of dental 
pieces from a digital file is well known, as is disclosed in the 
patent US 2004/0106087, which describes a method used for 
the manufacturing of dental prostheses by the restoration of 
ceramic dental pieces, using laser equipment controlled by a 
computer in charge of giving form to a dental piece by 
removal of the material from the original ceramic block, until 
the dental piece is produced with the form desired. 
0006 Although this system automates the production of 
dental pieces, it has several drawbacks and limitations. On the 
one hand, the quantity of waste material is quite high, possi 
bly even exceeding 67% in practice; on the another hand, the 
time taken to produce one dental piece is quite long in com 
parison with what would be desirable to achieve in the indus 
try and finally, the most important limitation is that this sys 
tem cannot produce removable dental prostheses, because 
they have a configuration and geometry which makes it 
impossible to produce a prosthesis by removing material 
from an initial block. 
0007. The manufacturing process of removable dental 
prostheses is currently completely manual and the final result 
depends on many determining factors such as the proficiency 
and accuracy of the dental technician, the casting process 
using the centrifugal machine, which is not always perfect. It 
is undoubtedly a craft process not free form difficulties and 
eventualities, which requires a large amount of manpower. 
0008. On the another hand, there are patents such as WO 
20055080029 which discloses a process to manufacture 
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metal products by sintering metal powder layers by applying 
high-energy rays, specifically laser beams or electronbeams. 
0009. This invention mentions the possibility of produc 
ing dental pieces Such as crowns or bridges. But, at no time 
does it mention the process or specific stages necessary to 
manufacture a removable prosthesis with equipment similar 
to that described. In other words, it does not specify how the 
digital generation of a removable prosthesis would be carried 
out with its unavoidable technical difficulties, which could be 
used by the above mentioned equipment. It is very important 
to underline the fact that the prostheses, which will be manu 
factured, are removable, since, on the one hand, there are no 
means of digital generation of dental prosthesis and the 
machines do not have sufficient accuracy to achieve the 
described geometry. 
0010. Therefore, an object of the present invention is to 
develop the required process for the digital generation of 
removable prostheses, as well as the system necessary for the 
manufacturing of said prostheses with the claimed process. 

DESCRIPTION OF THE INVENTION 

0011. The object of the invention is a manufacturing pro 
cess of digitally designed removable prostheses and the sys 
tem necessary in order to perform said process. In other 
words, the means that would be necessary for the automatic 
production of removable dental prostheses, as well as the 
digital generation stages of a removable prosthesis, where it 
specifies in said stages the exact technical characteristics 
which will allow the virtual construction of a removable 
prosthesis using digital means. 
0012. The system is basically composed of three elements: 
equipment to scan the mould of a patient's mouth; whereby a 
file is produced which will be sent to equipment or a computer 
wherein the design or digital generation of the removable 
prosthesis will be carried out. Once the desired digital pros 
thesis is finished and produced, the file, which contains all the 
exact information, is sent to generation equipment, manufac 
turing dental pieces, which are manufactured by sintered 
powder using a laser beam. 
0013 The file sent to the generation/manufacturing equip 
ment/machine of dental prosthesis contains the information 
regarding a closed, continuous connected Surface. 
0014. The three-dimensional representation of the digi 
tized mould is formed by a series of adjacent triangles, where 
each of the triangles is defined by its vertices, and them by 
co-ordinates (x, y, z); each one of the vertices also has asso 
ciated a normal, which is the mean of the normal of the 
Surfaces of the adjacent triangles. 
0015 The design and digital generation process of the 
removable dental prosthesis, after the reception of the file 
containing the three-dimensional digitized mould, starts with 
an optional stage of digital relief, from the original model, 
which would be done only in the case that it had a lattice and 
just in the area where the lattice would be placed. 
0016 Once the relief piece is produced, if wanted, the 
insertion axis is calculated, also digitally. To perform this 
operation we look for the plane, which intersects or cuts with 
the greatest number of dental pieces on the same level, a 
process, which will give us an insertion angle, which is saved. 
The insertion axis can be modified by the user. 
0017. After the calculation of the insertion axis the digital 
paralleling is performed of the teeth, which require it, for 
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example the teeth whereon the clamps, will be placed. These 
calculations will be done by selecting the tooth ordental piece 
to be paralleled. 
0018 Paralleling seeks the perimeter line of the dental 
piece whereon we obtain sufficient retention of the clamp: 
therefore, the display of the retentive areas is allowed on the 
digitized mould. 
0019. To ascertain the degree of retention of each area, it 
indicates the angle formed by the normal of the tangent plane 
of the marked point of each dental piece with the insertion 
aX1S. 

0020. Thus, when the angle formed by the normal of the 
tangent plane to be paralleled with the insertion axis is 90°, 
the retention is minimal, whilst if it was 0°, the retention is 
maximal. 
0021. The retention is marked using a colour scale or any 
other indicator means. 
0022. Having selected the point to be paralleled and ascer 
tained the possible degree of retention, the programme pro 
ceeds to perform a relief or elevation of the digitized mould 
until leaving the digitized mould's surface at 90° in relation to 
the selected point of the dental piece. 
0023. A point where the angle of the normal of the tangent 
plane thereto forms a 90° angle with the insertion axis would 
form part of the equator line, for which purpose the user will 
decide up to which point under the equator line he/she wants 
to parallel, that is to say to elevate the digitized mould. 
0024. Once the paralleling has been performed, that is to 
say is the perimeter line of the dental piece offering sufficient 
retention of the clamp or similar, has been produced, we will 
continue with the next stages. 
0025 Having performed the previous steps we can start 
designing the different components of the prosthesis on the 
model, the possible components of the prosthesis which can 
be used being: major connector minor connector, stop, lattice, 
clamp, lingual bar, bristle and pearls. 
0026. Both the lattice and the clamp can be assigned from 
a range of initial casts, it being possible to assign a different 
thickness. 
0027 Finally, a preliminary view of the prosthesis can be 
made once the mould is removed, observing any possible 
deficiencies that could occur. 
0028. The designing process of the different elements or 
components, which form the removable prosthesis, is per 
formed on the computer Screen, having the three-dimensional 
representation of the digitized mould as a base. 
0029. The profile or shape of the lattice and connectors is 
generated on the three-dimensional representation of the digi 
tized mould. 
0030. Before starting to make the profile of the lattice and 
connector Surface, their thickness will be chosen, as well as 
the web or design of the lattice, chosen from a library. 
0031. With regard to the clamps, the profile or run which 
they must adopt or follow is designed, a design which is made 
on the three-dimensional representation of the digitized 
model. In relation to the design of the clamps, we can chose 
from a library the section of the clamp and the form to be 
adopted by them, both initial and final. 
0032. Additionally, with regard to the lingual bar, the run 
of the lingual bar will be marked, it being possible to choose 
both its section and shape from a library. 
0033. Therefore, all the elements of the removable pros 
thesis are basically formed by a succession of points defined 
by their three spatial co-ordinates, in addition to the chosen 
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parameters such as the section, the final shape of the clamp, 
the initial shape, web of the lattice, etc. 
0034. When the basic form of the elements, which form 
the removable prosthesis, is defined, we must proceed to the 
extrusion thereof i.e. to give them Volume. 
0035. The process is different for clamps, lingual bars, 
than for lattices or connectors. 
0036. For clamps or lingual bars, the extrusion process 
consists of the following stages: 
0037. The definition of the flat part of the clamp or lingual 
bar, defined according to the profile or run, marked on the 
digitized model; for this purpose, we define an upper and a 
lower band in relation to said profile or run. These upper 
bands are defined automatically according to the section of 
the chosen clamp. A library was previously created which 
associates the types of clamps with the upper and lower 
bands, which must be marked on the profile or run of the 
clamp. 
0038. The extrusion for each point of the profile or run of 
the clamp; for this purpose, the corresponding section is 
associated to each point of the profile or run according to the 
chosen clamp. 
0039. Therefore, a succession of sections is finally gener 
ated, arranged in a continuous way, which form the clamp 
with its definitive form. 
0040. For lattices or connectors, the extrusion process is as 
explained below. The lattice or connector will be defined by a 
closed profile or contour formed by a Succession of points 
which are defined by their three co-ordinates. Each one of the 
points of the closed profile or contour of the lattice or con 
nector will be marked inside a triangle of those, which form 
the digitized model. 
0041. The mean of the normal of the triangles, which 
contain the points of the profile or contour of the lattice or 
connector, is found; this way we get an approximate projec 
tion direction. 
0042. Next, all the triangles which form the digitalized 
mould is projected on a plane whose normal is the mean of the 
normal previously obtained, going from three co-ordinates 
(x, y, z) to two co-ordinates (p', v). 
0043. Likewise, the points which forms the profile or con 
tour of the lattice or connector are projected on said plane 
whose normal is the mean of the normal the triangle contain, 
which contain the points of the profile or contour. 
0044 Said points are joined by a polygon, which forms the 
profile or contour of the lattice or connector, ascertaining 
which of the projected triangles will be outside or inside said 
shape. 
0045 We then examine all the memory where we stored 
the data in relation to the co-ordinates (p. V) of the projected 
triangles to ascertain: 
0046 the triangles of the mould, which are inside the 
traced polygon, i.e. those, which have the three vertices inside 
the polygon 
0047 the triangles, which have one of the vertices inside 
the traced polygon 
0048 the triangles, which have two of their vertices inside 
the polygon 
0049 the triangles which, even having the three vertices 
outside the traced polygon, are cut by said polygon 
0050. In the first case, the triangles, which have all their 
Vertices inside the traced polygon, which correspond to the 
design, which we want to give to the piece, are marked 
directly, recovering their values before the projection. 
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0051. In the case of the triangles which have one of their 
Vertices inside the marked polygon, the cutting points of the 
polygon are found with the side lines of the triangle and it is 
ascertained if there are or are not any points within said 
triangle, performing a triangulation process of the part of the 
triangles cut by the polygon. 
0052. If the triangles have two of their vertices inside the 
marked polygon the cutting points are found and it is ascer 
tained if there is any point of the polygon contained in said 
triangle, also performing a triangulation process of the Sur 
face cut by the triangles. 
0053. In the last case to ascertain those triangles, which 
have no vertices inside the spaced defined by the defined 
polygon. 
0054 All the triangles, which form the digitized mould are 
defined by their vertices and each one thereof by their three 
co-ordinates, as well as by a normal, which is the mean of the 
normal of the Surfaces of the adjacent triangles. 
0055. In the newly obtained triangles which form part of 
the interior of the polygon as they have one or two of their 
Vertices inside the polygon or have part of its Surface without 
any vertex inside the polygon, the three-dimensional data is 
recovered from the known data, whilst the newly obtained 
Vertices, which are basically the cutting points with the poly 
gon and have co-ordinates (p', v) are transformed to their 
three-dimensional co-ordinates (x, y, z), taking in consider 
ation the projection made according to the normal obtained. 
0056. In other words, a closed profile or contour is finally 
obtained, formed by triangles, all interior, and they are 
defined by their vertices and them by their three-dimensional 
co-ordinates. 
0057 Next, since the total projection of the digitalized 
model has been made, we do the following: 
0058 Identify the surfaces, which share at least one edge. 
0059 Choose the surface of interest, which will be the 
surface, which is closer to the defined profile or contour. 
0060 Extrude or elevate all the points of the selected sur 
face in the normal direction of each point. 
0061 Next, a Gauss filter is used, which smoothes the 
sharp edges, applying it on all Surfaces, except those, which 
are in contact with the palate. 
0062 Next, the file should be prepared for its manufactur 
ing, and the following should be done: 

0063. Join the different elements, which form the 
designed removable prosthesis eliminating the existent 
Superpositions between the pieces. This process is 
known as Voxelization. 

0064. Finally, a conversion process is performed of a com 
pact volume to a 3D closed continuous connected Surface. 
0065. If necessary, smoothing filters can be applied. 

DESCRIPTION OF THE FIGURES 

0066. To complement the description, which will be made, 
and in order to help towards a better understanding of its 
characteristics, the present specification is accompanied by a 
set of plans whose figures, illustratively but not limitatively, 
represent the most significant details of the invention. 
0067 FIG. 1 shows the stages, which form the generation 
process of the removable dental prostheses digitally. 
0068 FIG. 2 shows a representation, formed by a front 
view, a left side view, a plan view and a perspective view of 
the digitized mould on which we will work. 
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0069 FIG. 3 shows the same previous representations on 
which a plane parallel to the palate and the corresponding 
insertion axis has been selected. 

0070 FIG. 4 shows a simplified representation of a dental 
piece whereon different retention points have been marked, 
and below, the previous dental piece has been represented 
whereon an equator line, as well as a possible paralleling line 
has been marked. 

0071 FIG. 5 shows a representation of the mould wherean 
equator line of a dental piece is marked, and as well as a 
paralleling line under the dental equator. 
0072 FIG. 6 shows the form adopted by a major connector 
and a lattice once designed and projected on the three-dimen 
sional image of the mould. 
0073 FIG. 7 shows a simplified representation of the sur 
face of the digitized mould formed by a series of triangles on 
which a surface defined by a profile or contour has been 
designed in planar manner. 
0074 FIG. 8 shows a succession of triangles whereon a 
polygon resulting from the profile or contour defined on the 
triangles has been marked. 
(0075 FIG.9 shows how to produce the different triangles 
interior to the polygon formed on the profile or contour. 
0076 FIG. 10 shows, in simplified form, the case of a 
triangle which having no vertices in the interior space of the 
polygon it cuts it nevertheless. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

0077. In light of the figures, a preferred embodiment of the 
proposed invention is described below. 
0078. As we have previously indicated, the system for the 
manufacturing of removable dental prostheses, which have 
been digitally generated, consists of a scanner, means of 
computation or computer for the design and digital genera 
tion of a removable prosthesis, and manufacturing equipment 
of metal pieces from a file, using in the manufacturing sin 
tered powder whereon a high-energy ray will be applied. 
007.9 The generation process of a removable dental pros 
thesis, as indicated in FIG. 1, starts with the scanning (1) of 
the mould of the patient’s mouth; the process continues with 
the transmission (2) of the file produced to the means of 
computation or computer; it then continues with the stages of 
digital generation of the removable dental prosthesis. 
0080. The digital generation of the removable dental pros 
thesis consists of the following stages: 

0081 digital relief (3) of the transmitted mould, in the 
area where a lattice is disposed, if placed 

I0082 digital calculation (4) of the insertion axis 
I0083 Digital paralleling of (5) the teeth, which require it 
I0084 Disposal and digital design (6) of the different ele 
ments and components, which the removable prosthesis 
requires. Among the objects used will be: lattice, clamp, 
major connector, minor connector, stop, bristle, pearl, lingual 
bar. 

I0085. The design of the different components of the 
removable dental prosthesis is performed on the three-dimen 
sional image of the digitized mould. We can choose from the 
options of a library to have the different configurations the 
elements of the prosthesis may have. 



US 2009/0075237 A1 

I0086. In turn, the paralleling stage (5) of the dental pieces 
that so require consists of the following Sub-stages: 
I0087 Display of the different retention areas (5.1) 
0088 Production of the minimal retention area (5.2) or 
equator of the selected piece 
0089 selection (5.3) of the paralleling line underneath the 
dental equator line 
0090 elevation (5.4) of the surface of the digitized mould 
to the paralleling line 
0091 Having completed the disposal of the different ele 
ments, the process continues with the following actions: 
0092 Modifications (7) of any of the previous stages 
0093 Preliminary view (8) 
0094 Saving (9) of the final file 
0095 FIGS. 2 and 6 show the different stages of digital 
design made on the digitalized figure of the mould (10). FIG. 
2 shows the front view, the plan view, left profile and perspec 
tive view of the figure of the mould (10). It is possible to 
choose any view required. 
0096 FIG. 3 shows the disposal of a plan (11) parallel to 
the palate and which aims to have the greatest number of 
intersections on the dental pieces at the same height. As a 
result of said plane (11) an insertion axis (12) is obtained, 
which will have a specified inclination. 
0097 FIG. 4 shows how the different retentive areas can 
be displayed on a dental piece (17); for this purpose, indicator 
means are used to measure the angle (14) formed by the 
normal (13) to the tangent plane for each point of the dental 
piece with the insertion axis (12). 
0098. The retention angle (14) shown on the upper part is 
90° or, in other words, the retention is minimal, whilst the 
retention angle shown on the lower part of the upper figure has 
a retention angle (14) smaller than 90°. 
0099. The figure to the right represents a line of the dental 
equator (15), which would represent the line of points of a 
minimal retention. Under said line (15), a paralleling line is 
represented (16) which as is shown, the insertion angle (14) 
which forms the normal to the tangent plane to the paralleling 
point with the insertion axis is less than 90° for which reason 
the retention is not minimal. 
0100. The indicator means used to indicate the retention 
angle can be various; for example, a colour scale or any other 
similar means. 
0101 FIG. 5 shows the dental equator (14) marked on the 
dental piece (17). The paralleling line (16) is represented 
under the line of the dental equator (14). 
0102 Therefore, the selection of the paralleling line (16) 
from the distance to the equator line (15) is a combination of 
practical securing and aesthetic factors. 
0103 FIG. 6 shows the disposal of the elements or com 
ponents of the prosthesis once projected on the mould. 
Among the represented elements, we find a major connector 
(19), a lattice (18), a minor connector (20), a clamp (21) and 
a stop (22). 
0104. Other elements which can be used and have not been 
represented are the bristles and pearls, both used in the areas 
one wants to maximize, for example on the occlusal Surfaces. 
These are designed for the time when the gripping material is 
filled. 
0105. The design process of the different elements, which 
form the removable dental prosthesis, will be made on the 
three-dimensional representation of the digitized mould. 
0106 The digitized mould is formed by a series of adja 
cent triangles, where each of the triangles is defined by their 
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Vertices and they are, in turn, defined by their co-ordinates (X, 
y, z); each of the vertices also has associated a normal, which 
is the mean of the normal of the sides or surfaces of the 
adjacent triangles to said vertices. 
0107 The lattices and connectors are designed on the 
screen where the three-dimensional representation of the 
digitized mould appears, defining a closed contour which is 
formed by a series or succession of points which will be 
marked inside the triangles which form the three-dimensional 
mould. 
0.108 For the representation of the clamps, in first place 
the run or profile that they must follow or adopt is designed, 
a design which is made on the three-dimensional representa 
tion of the digitized mould, it being possible to choose the 
section of the clamp, and the form that we want the clamp to 
adopt both at the beginning and at the end from a library. 
0109 FIG. 7 shows an approximate representation of a 
digitized surface formed by a series of triangles (23) whereon 
a run or profile (24) has been defined, similar to that which 
could be defined on the design of the elements of the remov 
able dental prosthesis. Said profile or run, in short, is a poly 
gon resulting from joining the marked points on the triangles, 
which form the digitized mould. 
0110. With regard to the lingual bar, the run will also be 
marked, choosing the section and the form of the lingual bar 
from a library. 
0111. Therefore, all the elements of the removable pros 
thesis are formed by a succession of points defined by their 
three spatial co-ordinates, in addition to the parameters cho 
Sen as section, final form of the clamp, initial form of the 
clamp, web of the lattice, etc. 
0.112. Once the basic form of the elements, which form the 
removable prosthesis, has been defined, we must extrude said 
elements in order to give them volume. 
0113 For clamps or lingual bars, the process as explained 
in the explanation of the invention, consists of: 
0114. A first stage of the flat part of the clamp or lingual 
bar, defined according to the marked profile or run, defining 
an upper and a lower band in relation to said profile, which are 
chosen according to the section of the desired clamp type. 
0115 Extrusion associating to each point of the profile or 
run the correspondent section according to the clamp type, 
generating a Succession of sections disposed in continuous 
form. 
0116 For lattices or connectors, the extrusion process is as 
has already been explained. The lattice or the connector will 
be defined by a profile or a closed shape formed by a succes 
sion of points, which will be defined by their three co-ordi 
nates. Each of the points of the closed profile or contour of the 
lattice or connector will be marked in the interior of a triangle 
which forms the digitized mould, proceeding to project the 
digitized mould as the points of the profile marked according 
to a plane whose normal is the mean of the normal of the 
triangles which contain the profile's points. 
0117 Next, we examine all the memory where the data is 
stored in relation to co-ordinates (p', v) of the projected 
triangles to ascertain: 
0118 the triangles of the mould, which are contained 
inside the traced polygon, i.e. those with vertices inside the 
polygon 
0119 the triangles with one of their vertices inside the 
traced polygon 
I0120 the triangles with two of their vertices inside the 
polygon 
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0121 the triangles, which, although they have the three 
Vertices outside the traced polygon are cut by said polygon 
0122 FIG. 8 shows a partial and simplified representation 
of a Succession of triangles (23), which are part of the digi 
tized mould; it also represents a profile or run (24) formed by 
a succession of points P1-P7, which are marked inside the 
triangles. 
0123. The representation shown in this FIG. 8 would be 
the set of triangles projected according to the mean of the 
normal of the triangles which contain the points of the profile 
or run; the points of the profile or run would also be projected. 
0.124. The triangles, which have all their vertices inside the 
traced polygon P1-P7, which corresponds to the design we 
want to give to the piece, are marked directly; in this case, it 
would be triangles T1 and T2, recovering their values before 
the projection. 
0.125. In the case of the triangles with one of their vertices 
(H1-H5) inside the marked polygon, the cutting points of the 
polygon with the sides of the triangle are found and it is 
ascertained if there are or there are not any points of the 
polygon inside said triangle. 
0126. If there are no points of the polygon inside the tri 
angle, for example, triangles T3, T10, T13, T17. T20, and T29 
the obtained cutting points (a,b for T3). (e.g. for T10), (g, h for 
T13), (i,j for T17), (k, 1 for T20), and (p, q for T29) and the 
vertex interior to the polygon (H1-H5) configures a new tri 
angle which is part of the element. 
0127. If there are any points of the polygon contained in 
said triangle new triangles are formed, whose vertices are the 
Vertex interior to the polygon, an obtained cutting point and 
the point of the polygon interior to the triangle. This way we 
have: 
0128 Triangle T6 formed by cutting point c, point of the 
polygon P2 and interior vertex H2 
0129. Triangle T7 formed by cutting point d, point of the 
polygon P2 and interior vertex H2. 
0130 Triangle T11 formed by cutting point f, point of the 
polygon P3 and interior vertex H3. 
0131 Triangle T12 formed by cutting point g, point of the 
polygon P3 and interior vertex H3. 
0132 Triangle T18 formed by cutting point, point of the 
polygon P5 and interior vertex H4. 
0.133 Triangle T19 formed by cutting point k, point of the 
polygon P5 and interior vertex H4. 
0134) Triangle T23 formed by cutting point m, point of the 
polygon P6 and interior vertex H2 
0135 Triangle T24 formed by cutting point n, point of the 
polygon P6 and interior vertex H2. 
0.136 Triangle T27 formed by cutting point o, point of the 
polygon P7 and interior vertex H5. 
0.137 Triangle T28 formed by cutting point p, point of the 
polygon P7 and interior vertex H5 
0138 Triangle T32 formed by cutting point r, point of the 
polygon P1 and interior vertex H1. 
0139 Triangle T33 formed by cutting point a, point of the 
polygon P2 and interior vertex H1. 
0140. If the triangles have two of their vertices inside the 
marked polygon, the cutting points are found and it is ascer 
tained if there is any point of the polygon contained in said 
triangle, having two possible situations: 
0141 if there is no points of the polygon contained inside 
said triangle two new triangles are formed whose vertices are: 
one of the triangles with two vertices of the new triangles 
interior to the polygon and one of the cutting points, and the 
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another triangle is formed by the two cutting points and as a 
third vertex one of the vertices of the triangles interior to the 
polygon. 
0142. This way we would have the following triangles: 
0.143 Triangle T4 formed by H1, H2 and by cutting point 
b 
0144 Triangle T5 formed by cutting points band c and by 
interior vertex H2. 
0145 Triangle T8 formed by cutting points dande and by 
interior vertex H2 
0146 The triangle T9 formed by interior vertices H1 and 
H2 and by cutting point e. 
0147 Triangle T21 formed by vertices H2 and H4 and by 
cutting point 1. 
0148 Triangle T22 formed by cutting points 1 and m and 
by interior vertex H2 
0149 Triangle T25 formed by interior vertices H2 and H5 
and by cutting point n. 
(O150 Triangle T26 formed by interior vertex H5 and by 
cutting points in and o. 
0151 Triangle T30 formed by interior vertex H5 and by 
cutting points q and r. 
0152 Triangle T31 formed by interior vertices H1 and H5 
and by cutting point r. 

0.153 if there is any point of the polygon interior to the 
triangle that has two vertices inside the polygon, three 
triangles are formed whose vertices are: 

0154 The interior point, one of the cutting points and one 
of the interior vertices. 
0155 The interior point and the two interior vertices 
0156 The interior point, the other cutting point, and the 
interior point not used in case 1. 
0157. In this case, the new triangles that are generated 
would be T14, T15 and T16 since there is a point P4 of the 
polygon interior to a triangle with two interior vertices H3 and 
H4. 
0158 this way Triangle T14 is formed by H3, cutting point 
hand point of the polygon P4 
0159) this way Triangle T15 is formed by H3 and H4 and 
point of the polygon P4 
0160 this way the triangle is formed by H4, cutting point 

i, and point of the polygon P4 
0.161. In the last case, which is the one represented in FIG. 
10, to ascertain those triangles which have no any vertex 
inside the space defined by the designed polygon, and that 
part of its surface could form the interior part to the polygon, 
we proceed as follows: 

0162. It is examined triangle by triangle, making a first 
Selection where those triangles are rejected, which are 
impossible to be cut by the traced polygon 

0.163 From among those triangles which could be cut 
by the polygon. First, we calculate the segments, which 
join the vertices of the triangles, and it is checked that 
none of said segments is cut by one of the multiple 
straight portions, which compose the polygon. 

0164. If there appears any cutting points, the points of 
the polygon included between the cutting points found 
on the segments of the triangles are ascertained, forming 
new triangles which have as Vertices the cutting points 
found and the points of the polygon that are inside the 
triangle whose one side cuts the polygon. 

0.165 Thus, in FIG. 10, of the newly found triangles, one 
of them will have as vertices cutting points Sandt and one of 
the points of the polygon interior to the triangle which has no 
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vertex interior to the polygon, whilst the other one will have 
as vertices P1 and P7 and one of the found cutting points. 
0166 Therefore, a triangulation process has been per 
formed of the interior surface of the polygon which forms the 
profile or run once the whole set has been projected according 
to the direction of the previously defined normal. 
0167 Since all the triangles which form the digitized 
model are defined by their vertices and each of those by their 
three co-ordinates, as well as by a normal which is the mean 
of the normal of the Surfaces of the adjacent triangles. 
0.168. In the newly obtained triangles which form part of 
the interior of the polygon with one or two of their vertices 
inside the polygon, or having part of their surfaces without 
any vertices inside the polygon, the three-dimensional data of 
the known data is recovered, whilst the newly obtained ver 
tices, which are basically the cutting points with the polygon 
and they have co-ordinates (p', v) they are transformed to 
their three-dimensional co-ordinates (x, y, z) taking in con 
sideration the projection made according to the obtained nor 
mal. 
0169. In other words, we finally obtain a closed profile or 
contour formed by triangles, all of them interior and they are 
defined by their vertices and them by their three-dimensional 
co-ordinates. 
0170 Next, since the total projection of the digitized 
model has been made, we identify the surfaces, which share at 
least one edge, generating at least two different Surfaces. 
0171 Then, we choose the surface weare interested in and 
which will be the surface that is the nearest to the defined 
profile or contour, which will in fact have Zero distance in 
most of its points. 
0172 Next all points of the selected surface are extruded 
or elevated in the normal direction of each point, as we have 
said the normal of each point is the mean of the normal of the 
Surfaces of the adjacent triangles. 
0173 Then, a Gauss filter is used to smooth the edges 
applying it on all the sides except on those, which are in 
contact with the palate, applying it to all of the elements that 
form the removable denture. 

0.174 Next, the file should be prepared for its manufactur 
ing, and the following should be done: 
0175 first, perform a process of joining the different ele 
ments that form the designed removable prosthesis eliminat 
ing the Superpositions between the pieces. This process is 
known as “voxel, and for this purpose it is identified if the 
interior is part of the defined volume, using a double beam 
technique the voxel identified first by the one which is enter 
ing and the latter by the one which is exiting, so that we obtain 
a Volume defined by its external shape and managing to 
eliminate all Superpositions of the design elements. The defi 
nition of the Voxelization must be greater, or at least equal to, 
that of the machine, or in other words, the edge of the cube or 
Voxel must be smaller than or equal to the resolution distance 
of the machine. 
0176 Finally, a conversion process is performed from a 
compact volume to a closed continuous and connected 3D 
Surface. 
0177. If necessary, smoothing filters can be used. 
0178 Variations in materials, the form, the size and dis 
posal of the component elements, described in a no limitative 
mode, do not alter the essential nature of the invention, this 
being sufficient for it to be reproduced by a person skilled in 
the art. 
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1. Manufacturing process of digitally designed removable 
dental prostheses, characterized in that it consists of the fol 
lowing stages: 

Scanning (1) of a mould produced from an impression 
taken of the patient’s mouth. 

Next, the process continues with the transmission (2) of the 
file produced to a computer where the design will be 
performed. Said file contains a three-dimensional repre 
sentation of the digitized mould (10). 

Then, it continues with the stages of digital design of the 
components of the removable dental prosthesis, making 
all the designs of the pieces and components on the 
representation of the digitized mould, 

Give thickness to the designed pieces. 
After performing the digital design of the removable dental 

prosthesis, a file is produced which is transmitted to a 
manufacturing equipment of metal pieces by means of 
sintered powder whereto a high-energy ray is applied. 

2. Manufacturing process of digitally designed removable 
dental prostheses according to claim 1, characterized in that 
the digital design of the removable dental prostheses consists 
of the following stages: 

Digital calculation (4) of an insertion axis 
Digital paralleling (5) of the teeth, which require it 
Disposal and digital design (6) of the different elements 

and components, which form the removable prosthesis. 
Among the objects used would be: major connector, 
minor connector, lattice, stop, clamp, lingual bar, bristle 
and pearls. 

Extrusion of the different elements designed. 
Smoothing the sharp edges 
Elimination of the superpositions of the different elements 

designed 
Conversion of a closed continuous and connected Surface 

to a three-dimensional one. 
3. Manufacturing process of digitally designed removable 

dental prostheses according to claim 2, characterized in that 
prior to said stages, a digital relief process is performed in the 
areas where a lattice would be placed. 

4. Manufacturing process of digitally designed removable 
dental prostheses according to claim 2, characterized in that 
for the digital calculation of an insertion axis (12), on the 
digitized mould a plane (11) is disposed parallel to the palate 
which has the greatest number of insertions on the dental 
pieces at the same height; the axis perpendicular to said plane 
(11) is the insertion axis (12). 

5. Manufacturing process of digitally designed removable 
dental prostheses, according to claim 4, characterized in that 
the stages required for the digital paralleling of one dental 
piece would consist of the production of a perimeter line of 
the dental piece produced from the indication of the degree of 
retention achieved on each point of the dental piece. 

6. Manufacturing process of digitally designed removable 
dental prostheses according to claim 5, characterized in that 
the degree of retention is obtained according to the angle 
which forms the normal of the tangent plane to the point of the 
dental piece with the insertion axis (12). 

7. Manufacturing process of digitally designed removable 
dental prostheses according to claim 6, characterized in that 
the indication of the degree of retention offered by each point 
of the dental piece is indicated by means of a colour scale. 

8. Manufacturing process of digitally designed removable 
dental prostheses according to claim 2, characterized in that 
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the lattices and connectors are designed on the three-dimen 
sional representation of the digitized mould defining a profile 
or run, previously choosing a thickness and a web from a 
library of possible options. 

9. Manufacturing process of digitally designed removable 
dental prostheses according to claim 2, characterized in that 
the clamps and lingual bars are designed on the three-dimen 
sional representation of the digitized mould defining a profile 
or run, choosing for the clamps their section, as well as the 
form that the clamp will adopt at the beginning and at the end, 
and, with regard to the lingual bar, the section and the form are 
chosen. 

10. Manufacturing process of digitally designed removable 
dental prostheses according to claim 9, characterized in that 
the extrusion of the clamps and lingual bars consists of the 
following stages: 

Definition of the flat part of the clamp or lingual bar, 
defined from the profile or run, marked on the digitized 
mould; for this purpose an upper and lower band are 
defined relation to said profile or run, automatically 
defined according to the section of the type of the chosen 
clamp. 

Extrusion for each point of the profile or run of the clamp: 
for this purpose, the corresponding section according to 
the type of the chosen clamp or lingual bar is associated 
to each point of the profile or run, a Succession of sec 
tions continuously disposed, which form the clamp or 
lingual bar with its definitive form, being generated. 

11. Manufacturing process of digitally designed removable 
dental prostheses according to claim 9, characterized in that 
the extrusion of the lattices and connectors are performed 
following the stages shown below: 
The mean of the normal of the triangles, which contain the 

points of the profile or contour of the lattice or connector, 
is found; this way we get an approximate projection 
direction. 

Next, all the triangles which form the digitalized mould is 
projected on a plane whose normal is the mean of the 
normal previously obtained, going from three co-ordi 
nates (x, y, z) to two co-ordinates (p', v) 

Likewise, the points which form the profile or shape of the 
lattice or connector are projected on said plane whose 
normal is the mean of the normal the triangle contain, 
which contain the points of the profile or contour. 

Said points are joined by a polygon, which forms the pro 
file or contour of the lattice or connector, ascertaining 
which of the projected triangles will be outside or inside 
said shape. 

We then examine all the memory where we stored the data 
in relation to the co-ordinates (p. V) of the projected 
triangles to ascertain: 
a) the triangles of the mould, which are inside the traced 

polygon, i.e. those, which have the three vertices 
inside the polygon 

b) the triangles which have one of the vertices inside the 
traced polygon 

c) the triangles which have two of their vertices inside 
the polygon 

the triangles, which, even, having the three vertices outside 
the traced polygon, are cut by said polygon. 

Recovery of the three-dimensional values of the known 
data and of the newly found points, transforming the 
co-ordinates (p', v) to the three-dimensional co-ordi 
nates (x, y, Z). 
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Identification of the surfaces, which shares at least one 
edge. 

Choice of the surface, which is the nearest to the defined 
profile or contour. 

Extrusion of all the points of the chosen surface in the 
direction of the normal of each point 

12. Manufacturing process of digitally designed removable 
dental prostheses according to claim 11, characterized in that 
in the first case the triangles which have all their vertices 
inside the traced polygon which correspond to the design that 
we want to give to the piece, are marked directly, recovering 
their values before the projection. 

13. Manufacturing process of digitally designed removable 
dental prostheses according to claim 11, characterized in that 
in case of the triangles which have one of their vertices inside 
the marked polygon, the cutting points are found of the poly 
gon with the sides of the triangle and it is ascertained if there 
are or are not any points of the polygon inside said triangle. 

If there is no point of the polygon inside the triangle, the 
cutting points obtained and the vertex interior to the 
polygon configure a new triangle. 

If there are any points of the polygon contained in said 
triangle, new triangles are formed whose vertices are the 
Vertices interior to the polygon, a cutting point obtained 
and the point of the polygon interior to the triangle. 

14. Manufacturing process of digitally designed removable 
dental prostheses according to claim 11, characterized in that 
if the triangles have two of the vertices inside the traced 
polygon the cutting points are found and it is ascertained if 
there is any point of the polygon contained in said triangle, 
having two possible situations. 

if there is no any point of the polygon contained inside said 
triangle, two new triangles are formed whose vertices 
are: one of the triangles with the two vertices of the 
triangle interior to the polygon and one of the cutting 
points, and the another triangle is formed by the two 
cutting points and as a third vertex one of the vertices of 
the triangle interior to the polygon. 

if there is any point of the polygon interior to the triangle, 
which has two of the vertices inside the polygon, three 
triangles are formed whose vertices are: 

Its own interior point, one of the cutting points and one of 
the interior vertices. 

Its own point of interior and two interior vertices. 
Its own interior point, the other cutting point and the inte 

rior vertex not used in the case 1. 
15. Manufacturing process of digitally designed removable 

dental prostheses according to claim 11, characterized in that 
in the last case to ascertain those triangles which do not have 
any vertices inside the space defined by the designed polygon, 
we proceed as is exposed in the followings: 

It is examined triangle by triangle, making a first selection 
where those triangles are rejected which are impossible 
to be cut by the traced polygon. 

From among those triangles, which could be cut by the 
polygon. First, we calculate the segments, which join the 
vertices of the triangles and it is checked that none of 
said segments is cut by one of the multiple straight 
portions, which compose the polygon. 

If there appears any cutting points, the points of the poly 
gon included between the cutting points found on the 
segments of the triangles are ascertained, forming new 
triangles which have as vertices the cutting points found 
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and the points of the polygon that are inside the triangle 
whose one side cuts the polygon 

16. Manufacturing process of digitally designed removable 
dental prostheses according to claim 2, characterized in that 
the Smoothing of the sharp edges is performed using a Gauss 
filter, applying it to all the elements of the removable pros 
thesis. 

17. Manufacturing process of digitally designed removable 
dental prostheses according to claim 2, characterized in that 
the elimination of the superpositions of the different elements 
designed is realized by a process called “voxelization' by a 
double beam technique identifying the first “voxel as the one 
on which enters the beam, and the last “voxel as the one 
whereby the beam exits, where the definition of the voxel 
must be greater than or equal to the resolution distance of the 
manufacturing machine of the removable prosthesis. 

18. Manufacturing process of digitally designed removable 
dental prostheses according to claim 2, characterized in that 
the process is completed with the following Sub-stages: 

Modifications (7) of any of the previous stages 
Preliminary view (8) 
Saving (9) of the final file 
19. Manufacturing process of digitally designed removable 

dental prostheses according to the previously claimed process 
characterized in that consists of 
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Scanner equipment of the moulds produced after the 
impression or sample taken from the patient's mouth 

Manufacturing equipment of the metal pieces by means of 
sintered powder applying a high-energy ray 

Means for the digital generation of removable dental pros 
theses. 

20. The necessary programme for the digital design of 
removable dental prostheses according to the previously 
claimed process and which has the means necessary to per 
form a digital relief of a digitized mould, to digitally calculate 
an insertion axis, to digitally perform the paralleling of the 
teeth which require it, to digitally design on the three-dimen 
sional representation of the digitized mould the geometry and 
the disposal of the elements and components of the removable 
dental prostheses such as major connector, minor connector, 
stop, lattice, clamp, bristle, pearls, lingual bars, means to 
extrude the pieces previously designed forming a closed con 
tinuous and connected Surface in three dimensions. 

21. Digital Support to contain the necessary programme for 
the digital designing of the removable dental prostheses 
according to the previously claimed process. 

c c c c c 


